Cryptomeria japonica is one of the most important forest tree species in Japan. To increase the demand for domestic timber, broad uses related to the functional attributes of C. japonica must be developed. Several studies have examined the usefulness of C. japonica in terms of its biological activities, but a comprehensive study subjecting all parts of the C. japonica plant to the same solvent for extraction has not been done. Here, methanol extractions from the leaves, branches, bearing branches, male flowers, female flowers, cones, bark, heartwood, sapwood, pith, rhizomes, roots, and pollen were subjected to several in vitro assays of their biological activities such as antioxidant activity, anti-lipase activity, antibacterial activity and melanin-biosynthesis-inhibition activity. Their total phenolic content was also determined. The methanol extracts from each part of C. japonica except for pollen showed strong activities in the bioactivity assays. Furthermore, the methanol extracts were analyzed by GC/MS. The phytochemical profile varied among extracts from various parts of C. japonica. Our results suggest the great potential of C. japonica for use as a functional ingredient in health-related products.
Cryptomeria japonica is one of the most important forest tree species in Japan. After World War II, it was an optimal tree species for relieving the timber shortage in Japan because of its fast growth rate. A large-scale planting of C. japonica was thus performed in the 1960s in Japan. C. japonica now makes up the largest fraction (18%) of forest resources in Japan [1] . However, Japanese forestry declined after the country experienced a period of high economic growth in the 1970s, and the importing of cheap, good-quality foreign timbers has become predominant in Japan. Given this context, the demand for domestic timber (i.e., C. japonica) has decreased up to the present, and as a result, the C. japonica forests in Japan are dwindling. If the utilization of C. japonica were to be increased, the ability to manage the existing forests would be strengthened, and as a result, the maintenance of the regions where the forests are located will also be improved. To counteract the trend of decreased use of C. japonica timber, it is necessary to improve the forests for the purpose of timber production, and new, broad uses for C. japonica timber related to the functionality of the forest resources should also be developed.
In fact, new applications of C. japonica are being explored in various commercial industries. Previous research revealed several bioactivities of C. japonica, and various active compounds have been isolated from this species. The bark, heartwood, sapwood and roots have angiotensin I-converting enzyme inhibition activity, and catechin and procyanidin B3 were isolated from the bark [2] . Ferruginol and isopimaric acid were characterized from the exudates of C. japonica bark and were found to have antibacterial activity [3] . Inhibitions of germination [4] and anti-termitic activities [5] have been reported in C. japonica. Antifungal activities in the bark, leaves, heartwood and sapwood were also described [6] [7] [8] . Anti-inflammatory activities and hepatoprotective activities of the heartwood [9, 10] , the whitening activities of the leaves [11] , and the antioxidant activities of the leaves, branches, bark, heartwood and sapwood [11, 12] were demonstrated. However, comprehensive and comparative studies of extracts from all parts of C. japonica using the same extraction solvent have not been done. It is likely that the biological activities of the various parts of the tree are not the same because the chemical compositions of the tree parts are thought to differ. Therefore, in the present study, we separated and examined 13 parts of C. japonica: leaves, branches, bearing branches, male flowers, female flowers, cones, bark, heartwood, sapwood, pith, rhizomes, roots, and pollen. The bearing branches, male flowers, female flowers, cones, rhizomes, roots, and pollen of C. japonica have never been extracted and studied before. We extracted these parts of C. japonica using methanol and a Soxhlet extractor, and all resulting extracts were screened for total phenolic content and biological activities such as antioxidant, anti-lipase, and antibacterial activities and melanin biosynthesis inhibition. We chose these assays with the expectation that the extracts could eventually be used as ingredients in antibacterial agents, skin whiting reagents and other products. Furthermore, the methanol extracts were analyzed by GC/MS to investigate the phytochemical profiles. In short, these assays were conducted to find new ways to use previously unused resources of C. japonica.
In this study, the methanol extracts of various parts of C. japonica were examined for total phenolic content and several biological activities using an antioxidant assay, an anti-lipase assay, an antibacterial assay (Table 1 ) and a melanin-biosynthesis-inhibition assay ( Table 2 ). Phytochemical compositions of extracts from C. japonica are shown in Table 3 .
The results of the determination of the phenolic content showed that different parts of C. japonica had different total phenolic contents ( Table 1 ). The highest phenolic content was recorded in the bark extract (445.8±11.7 μg GAE /mg), and the lowest phenolic content was recorded in the pollen (48.7±3.3 μg GAE /mg). Despite their high methanol extract yields, the leaves, bearing branches, and female flowers showed low phenolic content. The results thus indicate that these parts contain many compounds other than phenol compounds. In contrast, the bark, rhizomes, and roots indicated relatively high phenolic content despite their low methanol extract yields. Table 1 shows the antioxidant activity (Oxygen radical absorbance capacity) (ORAC) and (Superoxide dismutase (SOD) -like activity). These data were moderately correlated with the total phenolic content (Fig. 1 ). The bark showed strong antioxidant activity as both ORAC and SOD-like activity, and the bark also indicated the highest phenolic content. The roots showed the highest ORAC value (7.64 mg±0.18 TE/mg) of all of the tested extracts, and the heartwood, bark, and branches also showed high ORAC values (6.39±0.32, 5.85±0.29, and 4.09±0.19 mg TE/mg, respectively). As for SOD-like activity, the bearing branches showed the highest activity (lowest IC 50 : 2.05±1.09 μg/mL) of all tested extracts. The bark, rhizomes, and roots also showed high SOD-like activities (low IC 50 : 3.63±0.06, 3.87±0.03, and 4.06±0.05 μg/mL, respectively). The bearing branches showed activities that were different from those of the branches. The total ion chromatogram of the derivatized extracts from the branches and bearing branches were different ( Fig. 2b,c) . The reason for the difference seemed to be due to buds of flowers on the bearing branches.
The intensities of ORAC and SOD-like activity showed different tendencies because the assays evaluate the antioxidant activity through different mechanisms. The ORAC assay is based on hydrogen atom transfer reactions, and SOD-like activity is based on the anti-oxidative enzyme-like activity of the sample's components. There is some relationship between the results for antioxidant activity and those for total phenolic compounds. The correlation coefficients (R 2 ) between the phenolic content and the ORAC or SOD-like activity were 0.59 and 0.60, respectively. This suggests that phenolic compounds contribute to antioxidant activities. Table 1 shows the anti-lipase activity of extracts from C. japonica. The methanol extract from the pith showed the highest activity (lowest IC 50 : 25.9±0.42 μg/mL) of all of the tested extracts. The roots also showed high activity (low IC 50 : 31.7±3.88 μg/mL). The lowest activity was shown in pollen. To the best of our knowledge, there is no report on the isolation of active compounds from methanol extracts taken from different parts of C. japonica. These findings should be a subject of future research.
Antibacterial activity against Staphylococcus aureus is an important attribute of skin cosmetics, because the proliferation of the bacteria causes skin problems such as acne, comedos, papules, cellulitis and allergies [13, 14] . We thus also evaluated the antibacterial activity of C. japonica, as shown in Table 1 . Except for pollen, the extracts of C. japonica showed good antibacterial activities. We thus calculated the MIC and MBC for the parts of C. japonica other than pollen. The antibacterial activity of C. japonica might help keep skin healthy. As for active compounds, ferruginol and isopimaric acid were isolated as antibacterial compounds from the bark [3] , and sandaracopimarinol and ferruginol were identified as antibacterial compounds from the heartwood of C. japonica [15] . In the present study, various parts of C. japonica were shown to potentially possess these compounds as active compounds. Table 2 shows the effect of extracts from C. japonica on the melanin biosynthesis and cell viability of B16 melanoma cells. After being treated with different concentrations of the extract for 3 days, B16 melanoma cells were examined for cell viability and melanin content. An important concept when selecting bioactive extracts that modulate skin pigmentation for cosmetics is that they should have minimal effects on cell proliferation and/or survival. As shown in Table 2 , the leaves, branches, male flowers, cones, bark, sapwood, rhizomes, and roots showed melanin biosynthesis inhibitory activity (types A* and A) in a dose-dependent manner, whereas the pollen showed no activity (type B). The extract from the male flowers was found to have the strongest melanin biosynthesis-inhibitory activity, which indicated type A* inhibition at the low concentration (10 µg/mL). As for the leaves, although comparatively low concentrations (40, 20 µg/mL) have cytotoxicity, the lowest concentration (10 µg/mL) has good melanin biosynthesis-inhibitory activity (type A). In light of results, it seems that the leaves of C. japonica contain not only melanin biosynthesis-inhibitory active compounds but also cytotoxic compounds. Additionally, in the cases of the bearing branches and heartwood, specific concentrations indicated good melanin biosynthesis-inhibitory activity. It is thought that higher concentrations produced strong cytotoxicity and lower concentrations had slight melanin biosynthesis-inhibitory activities. To use these parts, purification of the extracts is needed. With regard to active compounds, there are very few reports about melanin biosynthesis-inhibitory activity in methanol extracts from different parts of C. japonica. In this study, however, C. japonica showed its potential possession of these compounds as active compounds. The melanin biosynthesis-inhibition activity of extracts prepared from C. japonica, especially in bark and roots, indicates its potential use as a skin-whitening agent because these parts are abundant in tree.
The chromatographic profiles of extracts from various parts of C. japonica were determined through a GC/MS analysis. In order to provide markers for the characteristic chromatogram of each extract,we partly identified the phytochemicals in the extracts by comparing the retention time and fragment ions' pattern from the The data of total phenolic content, ORAC and SOD-like activity are presented as means±SD. Chlorogenic acid was used as the positive control for the SOD-like activity assay. Its IC 50 was 1.58±0.20 µg/mL. Orlistat was used as the positive control for the anti-lipase assay. Its IC 50 was 0.22±0.05 µg/mL. a Minimum inhibitory concentration (MIC). b Minimum bactericidal concentration (MBC). Sorbic acid was used as the positive control for the antibacterial assay. Its MIC was 225 µg/mL. Sorbic acid has no bactericidal activity. mass spectrum with that from the standards. A total of 11 compounds were used as the standards.
The phytochemical profile results are shown in Table 3 . The extracts from different parts of C. japonica had different chromatograms (Fig. 2 ). D-Pinitol (compound 4), D(+)-glucose (compound 5), myo-inositol (compound 7) and sucrose (compound 10) were found to be contained in all parts of C. japonica. Isopimaric acid (compound 9) was also common compound among the identified compounds. It showed up in extracts of 10 parts of C. japonica, excluding the heartwood, pith and pollen. β-Eudesmol (compound 3) is thought to have antioxidant activity, based on a study [16] in which the ORAC method was used to determine the antioxidant activity of an essential oil made from Pavonia odorata and containing β-eudesmol (4.53%) as the forth most common compound. β-Eudesmol is also thought to have antibacterial activity based on a study [17] in which, an essential oil containing β-eudesmol (8.74±1.13%), at the third most common compound had antibacterial activity against S. aureus. Leaves, bearing branches, male flowers, female flowers, cones, pith and rhizomes were estimated to contain β-eudesmol from a total ion chromatogram of the derivatized extracts of C. japonica. Therefore, antioxidant activity and antibacterial activity may be caused by β-eudesmol.
myo-Inositol (compound 7) has been reported to reduce cellular melanin synthesis [18] . We observed herein that all parts of C. japonica contained myo-inositol. However, melanin biosynthesisinhibition activity was not observed in C. japonica pollen. It is thus thought that myo-inositol affected melanin biosynthesis-inhibition activity to some degree. α-Linolenic acid (compound 8) has been reported to have a pigment-lightening effect [19] . In that study, the growth rate of B16 melanoma cells was not significantly altered in the presence of α-linolenic acid after a 72-h incubation, and the melanin content decreased to 16.4% compared with negative control cells (=100%). The α-linolenic acid-induced effect on melanogenesis in B16 melanoma cells has been reported to occurr without affecting cell viability. In the present study, we observed that the C. japonica leaves and bearing branches contained αlinolenic acid and thus the melanin biosynthesis-inhibition activity observed in these extracts may be caused to some degree by αlinolenic acid.
Isopimaric acid (compound 9) has been reported to have good antibacterial activity against S. aureus (MIC: 6.25 µg/mL) [3] . In the present study, among all of the parts of C. japonica, the methanol extracts from the leaves, branches, bearing branches, male flowers, female flowers, cones, bark, sapwood, rhizomes and roots contained isopimaric acid, which suggests that isopimaric acid may be the component contributing to these extracts' antibacterial activity against S. aureus. Although some compounds in each extract were partially identified here by GC/MS, further identification and quantitative analyses are needed to determine the compounds that are the most likely to be responsible for the bioactivities of C. japonica.
In conclusion, the different parts of C. japonica showed different bioactivities. Our study provides valuable data suggesting that C. japonica has great potential to be used in the cosmetic industry as well as in health-related industries. These discoveries can lead to new applications of C. japonica in various commercial industries and could help revive the forestry industry in Japan. There has been much conjecture about the amount of resources that are present in tree leaves and roots. From our results, these parts are expected to be used in skin whitening reagent, antibacterial goods and other products. In the future, the active compounds contained in these extracts must be evaluated. The isolation and structural elucidation of the active compounds in these extracts will enhance our knowledge of C. japonica, provide new applications for this species, and help revive the Japanese forestry industry. 
Experimental

Determination of phenolic content:
For the determination of the phenolic content, we used the Folin-Ciocalteu method (FCM), which is based on the reduction of a phosphotungstate phosphomolybdate complex by phenolic compounds to blue reaction products [20] [21] [22] . Briefly, 50 μL of each sample (concentration 2 mg/mL: DMSO was used as a solvent) was mixed with 100 μL Folin reagent (10% solution) and incubated at room temperature for 3 min. Gallic acid was used for the preparation of the standard curve, and water was used as the blank. Then, 400 μL 7.5% Na 2 CO 3 was added, and the total reaction mixture was incubated for 2 h at room temperature. After the incubation period, 200 μL of each sample, standard or blank, from the assay tube was transferred to an optically clear 96-well plate, and the absorbance at 765 nm was determined using a FlexStation 3 Microplate Reader (Molecular Devices, Sunnyvale, CA, USA). Data were managed by SoftMax Pro ® 5.4.1 software. The standard curve was linear among 6.25, 12.5, 25, 50, 100 and 200 μg/mL gallic acid. The total phenolic content was determined in gallic acid equivalents by using the regression equation between the gallic acid standards and their blank-corrected absorbance at 765 nm.
Antioxidant assays: Oxygen radical absorbance capacity (ORAC) assay:
The ORAC assay was performed as described [23] . This assay measures the oxidative degradation of the fluorescence of fluorescein after being mixed with the free radical generator 2,2'azobis (2-amidinopropane) dihydrochloride (AAPH). Heating AAPH is said to produce the peroxyl radical, which damages fluorescein molecules, resulting in the loss of fluorescence. Antioxidants suspected to be contained in extracts are thought to protect the fluorescein molecules from this oxidative degeneration. We used a fluorometer to quantify the degree of protection. Antioxidant assays: Determination of SOD-like activity: SOD-like activity was evaluated using the SOD Assay Kit-WST (Dojindo Molecular Technologies, Kumamoto, Japan) as described [24] .
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Samples were dissolved in DMSO (100 μg/mL) and diluted by dilution buffer (the final concentration of DMSO was ≤ 5%). A 20 μL volume of the sample solutions was added to each well of a 96-well plate, and 200 μL of the WST working solution containing 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2-Htetrazolium in 50 mM carbonate buffer (pH 10.2) was also added. Then, 20 μL of an enzyme working solution containing xanthine oxidase in the same buffer was added and the plate was incubated for 20 min. The absorbance of each sample was measured using a microplate reader (ELx 800, BioTek Instruments, Winooski, VT) at 450 nm. The dilution ratio (x) and the corresponding inhibition rate (y) were plotted, and the 50% inhibitory concentration (IC 50 ) dilution ratio for each sample was calculated from the regression curve. Chlorogenic acid was used as the positive control.
Anti-lipase assay:
We measured the pancreatic lipase inhibition activity of the extracts by utilizing an in vitro enzyme reaction, which uses 4-methylumbelliferyl oleate (4-MUO) as the substrate [25, 26] . Antibacterial assay: The antibacterial assay was based essentially on previously described methods [27] . A single colony of S. aureus was taken, and 5 mL of nutrient broth (NB) medium was added to it. This culture was incubated at 37°C ± 1°C, 1150 rpm for 18 h. We then measured the turbidity of the bacterial suspension using a spectrophotometer (Shimadzu, Kyoto, Japan) at 630 nm and adjusted the turbidity to the absorbance score 0.4 by adding NB medium. The concentration of the bacterial suspension was 1.0 × 10 8 CFU/mL, and NB was added to the culture suspension to prepare the bacterial concentration of 1.0 × 10 5 CFU/mL, which was used for the following antibacterial assay.
Each sample was dissolved in DMSO at the maximum concentration (1600 μg/mL). In each well of a 96-well plate, 133.5 µL of NB medium, 15 µL of bacteria suspension, and 1.5 µL of DMSO with or without each sample were added. Sorbic acid (final concentration 400 μg/mL) was used as a positive control. The plate was incubated at 37°C ± 1°C, 1150 rpm for 18 h. Finally, bacterial growth was measured by a micro-plate reader (630 nm). The minimum inhibitory concentration (MIC) was the lowest concentration of the test extract that completely prevented growth until 18 h. The minimum bactericidal concentration (MBC) was determined as follows. After we determined the MIC, a 20-μL aliquot was taken from each well and added into 180 μL of fresh NB medium. Then, 100 μL of the suspension was used to do a subculture on nutrient agar (NA) plate. After 24-h incubation at 37°C ± 1°C, the growth colony was evaluated visually. The MBC was the lowest concentration of the test extract that caused the absence of growth of a colony on the agar plate.
Melanin-biosynthesis assay:
This assay was conducted as described [28] . The cells were placed in two plates of 24-well plastic culture plates (one plate for determining melanin and the other for cell viability) at a density of 1.0 × 10 5 cells/well and incubated for 24 h in media prior to being treated with the samples. After 24 h, the media were replaced with 998 µL of fresh media and 2 µL of the test sample at the final concentration of 10, 20, 40, 80, 120 and 160 μg/ mL (n=3). For some samples that were not tested at 160 µg/mL, the maximum concentrations were strong cytotoxic concentrations or the maximum solubility. At the same time, a negative control (2 µL DMSO) and a positive control (Arbutin at concentration 50 mg/mL in DMSO were also tested. The cells were incubated for an additional 48 h, and then the medium was replaced with fresh medium containing each sample. After 24 h, the remaining adherent cells were assayed.
For the determination of the melanin content (for one plate) after the medium was removed and the cells were washed with phosphatebuffered saline (PBS), the cell pellet was dissolved in 1.0 mL of 1 N NaOH. After they were left overnight in the dark, the crude cell extracts were assayed by using a microplate reader at 405 nm to determine the melanin content. The results from the cells treated with the test samples were analyzed as a percentage of the results from the control culture.
The cell viability was determined by using an MTT assay, which provides a quantitative measure of the number of viable cells by determining the amount of formazan crystals produced by metabolic activity in the treated versus control cells. Thus, for the other well plate, 50 µL of MTT reagent in PBS (5 mg/mL) was added to each well. The plates were incubated in a humidified atmosphere of 5% of CO 2 at 37°C for 4 h. After the medium was removed, 1.0 mL isopropyl alcohol (containing 0.04 N HCl) was added, and the absorbance was measured at 570 nm after overnight storage in the dark.
To find possible candidates for whitening agents, we classified the tested samples into four types (types A * , A, B, and C) as done previously [29] . Samples that showed a percentage of melanin content (MC) equal to or lower than 30% of the cell viability (CV) (CV-MC≥30) were judged to have high potential to act as whitening agents and were classified as type A * . The samples that showed a percentage of MC equal to or lower than 20% of the CV (30>CV-MC≥20) were judged to be possible whitening agents, and were classified as type A. The samples that showed no potential to act as whitening agents (CV-MC<20) were classified as type B. Finally, the samples that showed a CV percentage ≤ 90% were judged to be cytotoxic and were classified as type C.
Derivatization for GC/MS analysis:
Each extract (3 mg) was collected in a glass tube. For oximation, 160 µL of methoxyamine hydrochloride in pyridine (20 mg/mL) was added and the tubes were incubated at 30°C for 90 min. After that, for trimethyl silylation, 80 µL of MSTFA (containing 1% TCMS) was added and incubated at 37 °C with shaking at 1150 rpm for 30 min.
GC/MS analysis:
For the gas chromatography/mass spectrometry (GC/MS), the gas chromatograph was an Agilent Technologies 7890A, and the mass spectrometer was an Agilent Technologies 5975C inert XL MSD. In the platform, the column was an HP-5MS capillary column (30 m × 0.25 mm i.d.; 0.25 µm film thickness; Agilent). The front inlet temperature was 250°C. The helium gas flow rate through the column was 1 mL/min. The column temperature was held at 80°C for 2 min isothermally and then raised by 15°C/min to 320°C and held there for 10 min isothermally. The transfer line and ion-source temperatures were 250°C and 230°C, respectively. The RI was calculated using a homologous series of n-alkane C 7 ~ C 33 (Hayashi Pure Chemical Industries, Osaka, Japan).
